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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The Rel-19 NR NTN objectives listed below provided in [1] focus more on the following.
	1. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design


In this contribution, we provide our views on the objective of Uplink Capacity/Throughput Enhancement for FR1-NTN.
2. Discussion on UL OCC schemes
According to the following agreement, OCC across OFDM symbols, OCC across slots/repetitions, pre-DFT OCC within an OFDM symbol, as well as combinations of different OCC schemes are considered for further down-selection.
	Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS





[bookmark: _Ref166002035]Figure 1. Example of OCC across slots/ across symbols with OCC length=2
Time-domain OCC
An example of time-domain OCC across slots/across symbols with OCC length=2 is shown in Figure 1. In inter-slot OCC, the PUSCH resource mapping is not changed as an OCC sequence is applied to all PUSCH symbols in each slot. NW cannot perform PUSCH decoding until it receives two slots. As the phase errors brought by FO accumulate over multiple slots, inter-slot OCC may be more sensitive to FO.
Regarding inter-symbol OCC, symbol-level repetition is needed, thus the PUSCH resource mapping rule should be modified. In Option 1, the information bits of each PUSCH symbol within a slot are repeated within the same slot. As the number of available resources in a slot for PUSCH is halved compared with the baseline, either the TBS should be scaled to maintain the same code rate or the code rate must be doubled if the same TBS is transmitted. Figure 1 gives an example of option 1 where TBS is halved. In Option 2, the information bits of two slots are mapped alternately across the two slots, requiring across-slot resource mapping but without increasing the data rate.
Intra-symbol OCC based on pre-DFT


[bookmark: _Ref166006360]Figure 2. Example of OCC within symbols with OCC length=2
Regarding pre-DFT-based intra-symbol OCC, there are also two possible options. As shown in Figure 2, in the baseline, the information bits mapped on the first symbol are "abcdefghijkl". In Option 1, PUSCH resource mapping is not changed; only "abcdef" can be mapped on the first symbol due to the comb-like mapping behavior brought by pre-DFT OCC. Figure 2 gives an example of Option 1 where TBS is halved. In Option 2, the same code rate and same TBS as the baseline can be maintained by separating the information bits originally mapped in one symbol into two consecutive symbols and mapping the TB across two slots. It is observed that either option does not rely on the configuration of PUSCH repetition.
We analyze the impacts of these OCC schemes in the following aspects:
Use case
· Inter-slot OCC: PUSCH repetition type A
· Inter-symbol OCC option2: PUSCH repetition type A, PUSCH repetition type B if the actual PUSCH occasions have the same length
· Intra-symbol OCC: with or without PUSCH repetition
TBS calculation 
· Inter-slot OCC: unchanged
· Inter-symbol OCC option2: TBS should be scaled
· Intra-symbol OCC: TBS should be scaled 
RV determination
· Inter-slot OCC: The slots where inter-slot OCC is applied should share the same RV. This can be achieved by either enabling all OCC only for PUSCH repetition with all RV=0, or by changing the original RV to the same RV number after OCC.
· Inter-symbol OCC Option2: The slots of TBS transmission for which inter-symbol OCC is used should share the same RV. This can be achieved by either enabling all OCC only for PUSCH repetition with all RV=0, or by changing the original RV to the same RV number after OCC.
· Intra-symbol OCC: For option1, same RV is always ensured. For option2, the slots of TBS transmission for which intra-symbol OCC is used should share the same RV. 
UCI multiplexing
UCI is transmitted in only the OFDM symbols without DMRS. HARQ-ACK bits are mapped on the OFDM symbol after the first DMRS symbol, and CSI is mapped on the first non-DMRS symbol. An example is as below:


Figure 3. Example of UCI mapping on PUSCH
Whether PUSCH with UCI should apply OCC should be discussed first. UCI is for UE to inform NW regarding the outcome of the previous transmissions/channel condition, so it is essential to ensure the reliability of UCI. Considering this perspective, if OCC leads to significant performance degradation, enabling OCC for PUSCH with UCI is desirable.
If PUSCH with UCI can apply OCC:
· Inter-slot OCC: The UCI multiplexed on the PUSCH in a slot is repeated over the set of slots where inter-slot OCC is applied.
· [bookmark: _Hlk166054180][bookmark: _Hlk166056858]Inter-symbol OCC Option2: The UCI multiplexed on the PUSCH in a slot should also be repeated across the set of symbols where inter-symbol OCC is applied. However, the HARQ-ACK bits may not be located immediately after the first DMRS symbol after repetition.
· Intra-symbol OCC: The UCI and multiplexed data in a slot may need to apply the intra-symbol OCC jointly.
Frequency hopping
The time resources applying a OCC sequence should be within a hop to ensure the phase continuity.
· Inter-slot OCC: inter-N slot hopping can be considered, where N is the OCC length
· Inter-symbol OCC Option2: inter-slot hopping can be reused without change, but spec changes are needed for intra-slot hopping
· Intra-symbol OCC: For option1, no change is needed. For option2, inter-slot hopping can be reused without change, but spec changes may or may not be needed for intra-slot hopping
Power control
The legacy power control can be reused.
Based on the above discussion, we summarize the impacts of OCC schemes in the following table.
	
	Intra-symbol option1
	Intra-symbol option2
	Inter-symbol option2 
	Inter-slot


	TBS calculation
	Need changes
	No changes

	UCI multiplexing
	UCI should apply OCC before DFT
	Notable spec impact on UCI mapping
	Less spec impact, the UCI is mapped on each slot following the legacy rule

	RV
	same RV for time resource where OCC sequence should be ensured

	Hopping
	No changes
	inter-slot hopping can be reused without spec changes
	Notable spec changes are needed for intra-slot hopping, e.g., the hopping pattern should be extended to cover all the symbols within OCC sequence
	Inter-N slot repetition is expected, where N is the OCC length

	PC
	No change



3. Simulations on UL OCC schemes
For a fair comparison, only OCC schemes that can maintain the same code rate as the baseline (i.e., inter-slot/inter-symbol option2/intra-symbol option2) are evaluated. The simulation assumptions are as below. 
Table 1. Link-level simulation assumptions for PUSCH transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T1R

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type I, single-symbol, 2 DMRS symbol, no multiplexing with data, e.g. [3 11]

	Repetition number
	4 repetitions

	OCC length
	2, 4

	Channel model
	NTN-TDL-C(LOS)

	Frequency hopping
	No hopping

	HARQ
	NO

	UE speed
	3km/h

	TBS
	184 bits for 2RBs for VoIP
96 bits for low data rate

	PRBs
	2RBs

	Modulation order
	QPSK

	BLER
	2% iBLER for VoIP
10% iBLER for low data rate

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation

	TO
	Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.

	Timing drift
	80us/s


In the simulation, the baseline for evaluating the above OCC schemes is as below:
· ‘Baseline’: one UE scheduled with 4 slot-level repetitions, with the same TDRA for all repetitions; no UE multiplexing 
· ‘Intra-symbol’: Intra-symbol OCC option2 with 2 multiplexed UEs, without 3dB power boosting
· ‘Inter-symbol’: Inter-symbol OCC option2 with 2 multiplexed UEs
· ‘Inter-repetition’: 2 UEs apply inter-slot OCC
OCC length=2
	[image: ]

	Figure 4. OCC with noFO+noTO

	[image: ]

	Figure 5.OCC with TO+FO [-200kHz, 200 kHz]
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	Figure 6. Case1
	Figure 7. Case2


From the above figures, we have the following observations for TBS=96 bits:
· Without considering TO and FO, the performance of all OCC schemes is very close to the baseline. 
· When TO and FO are considered,
· TO+FO results in around 1.06 dB performance loss for inter-symbol/intra-symbol OCC schemes, and about 1.57 dB performance loss for inter-slot OCC schemes compared with baseline. For the required BLER=0.1, the losses of all OCC schemes compared to the baseline are within an acceptable range. 
· In addition, the performance losses due to the FO variation between two multiplexed UEs are evaluated. 
· In Case 1, different FO error distinctions are applied for different UEs to randomly generate the FO value, i.e., [0, 200 Hz] for UE1, and [-200 Hz, 0] for UE2. In Case 2, both UE1 and UE2 randomly generate the FO values in the range of [-200 Hz, 200 Hz]. It can be observed that in case 1, each OCC scheme exhibits poorer performance compared to case 2, with inter-slot OCC experiencing the most significant decline. 
[bookmark: _Ref166252498][bookmark: _Ref163145006]Observation 1. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-symbol/intra-symbol OCC schemes show around 1.06 dB performance loss, inter-slot OCC schemes about 1.57 dB performance loss compared with baseline.
[bookmark: _Ref166252499]Observation 2. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-slot OCC is slightly worse than intra-symbol OCC/inter-symbol OCC.
[bookmark: _Ref163145007]Observation 3. When different FO error distinctions are considered between multiplexed UEs, the performance of OCC schemes becomes worse.

OCC length=4
	[image: ]

	Figure 8. OCC with noTO+noFO
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	Figure 9.OCC with TO+FO[-200kHz, 200 kHz]


From the above figures, we have the following observations for TBS=96 bits:
· Without considering TO and FO, the performance of all OCC schemes is very close to each other, but shows around 1.4 dB loss compared with the baseline. 
· When TO and FO are considered,
· TO+FO results in approximately 2.60 dB performance loss for inter-symbol/intra-symbol OCC schemes, and about 3.86 dB performance loss for inter-slot OCC schemes compared with baseline. The performance of all OCC schemes deteriorates. An error floor is observed for inter-slot OCC at BLER=0.01. 
[bookmark: _Ref166252503]Observation 4. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-symbol/intra-symbol OCC schemes show around 2.6 dB performance loss, inter-slot OCC schemes about 3.86 dB performance loss, compared with baseline.
[bookmark: _Ref166252502]Observation 5. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-slot OCC suffers an error floor.
[bookmark: _Ref166262195]Observation 6. When TO/FO is considered for TBS=96 bits with OCC length=2 or 4, inter-symbol OCC and intra-symbol OCC have a similar performance.
[bookmark: _Ref159239012]From the above discussion and evaluation, inter-slot OCC requires less spec impact and it is applicable in certain cases, e.g., when OCC length=2, or when the same RV is configured for all repetitions. Intra-symbol pre-DFT OCC  shows similar performance as inter-symbol OCC, and it does not rely on repetition schemes. The UCI multiplexing may need some further discussion. For inter-symbol OCC, the spec change for UCI multiplexing/hopping is notable. Considering the tradeoff between potential spec impacts and performance, we have the following proposal:
[bookmark: _Ref163145011]Proposal 1. The following OCC scheme can be further considered
-Time-domain OCC across slots/repetitions
-Pre-DFT frequency-domain OCC within symbols

4. Conclusion
In this contribution, we provide our views on NR NTN OCC schemes. According to the discussions, we have the following observations and proposals: 
Observation 1. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-symbol/intra-symbol OCC schemes show around 1.06 dB performance loss, inter-slot OCC schemes about 1.57 dB performance loss compared with baseline.
Observation 2. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-slot OCC is slightly worse than intra-symbol OCC/inter-symbol OCC.
Observation 3. When different FO error distinctions are considered between multiplexed UEs, the performance of OCC schemes becomes worse.
Observation 5. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-slot OCC suffers an error floor.
Observation 4. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-symbol/intra-symbol OCC schemes show around 2.6 dB performance loss, inter-slot OCC schemes about 3.86 dB performance loss, compared with baseline.
Observation 5. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-slot OCC suffers an error floor.
Observation 6. When TO/FO is considered for TBS=96 bits with OCC length=2 or 4, inter-symbol OCC and intra-symbol OCC have a similar performance.
Proposal 1. The following OCC scheme can be further considered
-Time-domain OCC across slots/repetitions
-Pre-DFT frequency-domain OCC within symbols
References
1. [bookmark: _Ref159243354]RP-234078, New WID: Non-Terrestrial Networks (NTN) for NR Phase 3, Huawei, 3GPP TSG RAN Meeting #102, December 11-15, 2023. 
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